A 49-year-old otherwise healthy man was admitted to our hospital because of repeated generalized convulsions after influenza A virus infection. His family history was notable for consanguinity of parents. Initial laboratory tests revealed metabolic alkalosis with hypomagnesemia, as well as an elevated high density lipoprotein cholesterol level. He was diagnosed with Gitelman's syndrome and cholesteryl ester transfer protein deficiency by identifying homozygous mutations of causative genes, SLC12A3 and CETP, respectively. These two genes are located in the vicinity on chromosome 16, suggesting the possibility of autozygosity. This is the first case report highlighting the co-existence of these genetic disorders.
Introduction
Gitelman's syndrome is an autosomal recessive renal tubular disorder characterized by salt wasting, metabolic alkalosis, hypokalemia and hypomagnesemia (1) . On the other hand, cholesteryl ester transfer protein (CETP) deficiency is an autosomal recessive disorder known as a major cause of elevated high density lipoprotein (HDL) cholesterol level in the Japanese population (2) . Although the causative genes of these disorders, SLC12A3 and CETP, are located in the vicinity on the long arm of chromosome 16, the co-existence of them is currently unknown. Here, we report the first case of Gitelman's syndrome with CETP deficiency, whose initial presentation is convulsions provoked by influenza A virus infection.
Case Report
A 49-year-old Japanese male presented to a hospital complaining of fever, chills and arthralgia. Diagnosis of influenza A was made based on the positive result of the viral antigen. Oseltamivir phosphate and acetaminophen were prescribed. On the following day, he experienced repeated tonic-clonic convulsions, and was transferred to our hospital for further evaluation and treatment. His past medical history was unremarkable, and family history was notable for his parents' consanguineous marriage (Fig. 1) . Careful history taking did not reveal any remarkable episodes in his siblings. He had lived in a remote island in Japan before he moved to an urban area several years ago. At the time of presentation, he was taking no medication except for oseltamivir phosphate and acetaminophen.
On admission, he was alert, body temperature was 37.2 and blood pressure was 102/43 mmHg. Physical examina- (Table 1) . Chemical analysis of spot urine indicated inappropriately increased excretion of chloride in the presence of metabolic alkalosis, while he was not taking diuretics. Twenty-four-hour urine collection showed increased excretion of sodium (317 mEq/24h), chloride (320 mEq/24h), and decreased excretion of calcium (73.9 mg/ 24h). Plasma renin activity and plasma aldosterone concentration were elevated, at 9.0 ng/mL/hr and at 320 pg/mL, respectively. We concluded that electrolyte abnormalities, especially hypomagnesemia, were primary causes of repeated convulsions, since other causes of convulsions including influenzaassociated encephalopathy were ruled out based on the above-mentioned results. Therefore, treatment was started with intravenous magnesium sulfate and potassium chloride to correct electrolyte and acid-base abnormalities. On day 2, serum levels of potassium and magnesium were maintained around the lower limit of normal range, and thereafter, his convulsions ceased. There was no muscle weakness during hospitalization. After he was discharged on the eighth day, oral potassium chloride and magnesium supplements were administered (Fig. 2) . His systolic blood pressure remained low, around 90-100 mmHg. Since the patient was prone to (Table 1) , we encouraged him to regularly eat a sufficient amount of vegetables and seafood.
According to characteristic electrolytes and acid-base abnormalities, Gitelman's syndrome was clinically suspected. Sequencing of the causative gene (3), SLC12A3, revealed a homozygous missense mutation of T180K in exon 4 (Fig. S1) . Furthermore, the fact that the patient has an extremely high HDL cholesterol level prompted us to analyze CETP gene, which is located in the vicinity of SLC12A3 gene. As a result of high through-put invader assay (4), a homozygous missense mutation of D442G in exon 15 was identified. These results confirmed the co-existence of the two genetic disorders associated with the long arm of chromosome 16 (Fig. 3) .
Discussion
Gitelman's syndrome was first reported by Gitelman et al as a variant of Bartter's syndrome (1). The most distinguishable clinical feature from Bartter's syndrome is the presence of hypocalciuria. Simon et al demonstrated complete linkage of the syndrome to SLC12A3 gene locus encoding the thiazide-sensitive Na-Cl cotransporter (5) . Although it is often considered to be a rare disorder, a recent report suggests that the frequency of mutated alleles is relatively high in the Japanese population (6) . The point mutation identified in the present case, T180K in exon 4, was previously reported (7).
It is not uncommon that the diagnosis of Gitelman's syndrome is made later in life since its symptoms are generally milder than Bartter's syndrome (8) . However, as an initial symptom, a generalized convulsion in an adult after influenza virus infection has not yet been reported. In the present case, biochemical abnormalities, including hypomagnesemia and metabolic alkalosis, may predispose the patient to seizures. According to the lifestyle history, it is speculated that the patient remained asymptomatic until his middle ages because he was eating a lot of seafood with salt daily in a remote island to compensate for tubular salt wasting. After he moved to an urban area, his chronic biochemical abnormalities worsened, which could increase the risk for convulsions in case of influenza virus infection.
CETP deficiency is the most frequent genetic cause of high HDL cholesterol level in Japanese (2, 9) and other Eastern Asian populations (10, 11) , although it is rare among Caucasians (12) . Because of impaired reverse cholesterol transport capacity, the disease may be associated with increased cardiovascular risk in spite of the high HDL cholesterol level (2) , although the risk remains controversial (13, 14) . There are two hot spots of point mutations in CETP gene in Japanese; Intron 14+1 G to A and D442G (15) , the latter of which is the mutation found in the present case.
Intriguingly, the locus responsible for Gitelman's syndrome (16q13) is in the vicinity of that responsible for CETP deficiency (16q21) on chromosome 16 (Fig. 3) . Despite the relatively high prevalence of the two genetic disorders in Japan, the frequency of co-existence is unknown. According to the HapMap database [Hapmap Data Rel 27 Phase II+III, Feb09 (16) ], in a selected Japanese population, there are two linkage disequilibrium (LD) blocks in the fo- (17)]. Since the two polymorphisms are located in separate LD blocks, it is unlikely that the two are in complete LD. Considering the parental consanguinity and the homozygosity for both mutations, the patient could possess an autozygous chromosomal region including the two adjacent mutations. In conclusion, this report highlights the novel co-existence of Gitelman's syndrome with CETP deficiency that is incidentally discovered in a patient with influenza.
